SUMMARY
The annuals for forage program was begun in 1979 and completed in 1983. Work in the southern part of Alberta, covering the Brown and Dark Brown soil zones, both irrigated and dryland, was carried out from the Alberta Horticulture Research Centre at Brooks. The Black and Gray Wooded soil zones were covered from the Agriculture Canada Research Station, Lacombe, by the use of six off-station locations. The productivity of various crops and cultivars was evaluated at several locations, and the following conclusions were drawn.
«
Oat was the highest yielding silage crop. Foothill was the best cultivar, particularly on Gray Wooded soils, followed by Fraser, Laurent, Sentinel, and Grizzly.
• Sunflower was the second highest yielding crop, but it cannot be recommended because of extreme variability in yield between locations and years, as well as difficulties in harvesting with cereal or haying equipment.
Triticale produced good yields, particularly Triwell and several breeders' lines, whereas Rosner and Welsh were somewhat lower yielding.
• Wheat cultivars yielded less than triticale; Wakooma, Pitic, and Glenlea were the better yielding cultivars.
Barley was of higher quality than the other cereals, containing more protein and less fiber. Johnston was the highest yielding barley cultivar,
• Spring rye was lower yielding than barley; Petkus II, a line from Swift Current Research Station, outyielded other rye cultivars.
Corn was low yielding because of insufficient heat units.
• Faba bean and pea had the highest percentage of protein and should be used to increase the protein content of silage crops. Faba bean was better on Black soils and had the advantage of an upright growth habit, but pea was higher yielding on Gray Wooded soils.
A multiple-cut system was used to estimate pasture yield, by cutting each time the regrowth reached 25-30 cm in height. Oat was the highest yielding crop as pasture on Gray Wooded soils; however on Black soils, spring-planted Italian ryegrass, winter wheat, and fall rye were more productive than oat. Spring cereals produced good yields early in the season, with growth declining in the fall, whereas spring-planted winter crops and ryegrass started slowly and produced high yields later in the season.
Forage rape, fodder radish, and kale produced high yields if not grazed until late fall. 
INTRODUCTION
There has not been a critical evaluation of the role of annual crops for forage in Alberta in spite of its position as the major beef-producing province in Canada. Researchers working with forage are primarily interested in perennial grasses and legumes. Interest in annual crops has been oriented primarily toward grain production. This emphasis has resulted in a lack of information on annual forage production, particularly beyond the area in southern Alberta, where corn is recommended. The increased intensity of cropping, brought on by higher land values, has prompted some producers, particularly dairy operators, to grow annuals. Beef producers must also compete with producers in areas with a mild climate, which allows year-round use of rangeland as pasture. Annual crop residues, both in-field and stored, have been and will probably continue to be a source of low-quality feed. Annual crops for forage offer several advantages of perennials, such as higher production, lower harvest and storage losses when ensiled, and a choice of forage or grain production. However, there are several disadvantages, including the following: a requirement for better storage facilities, higher labor requirements for tillage and harvest, and transportation difficulties, which limit silage to on-farm use.
The annuals for forage program was designed to cover the Black and Gray Wooded soil-climatic zones. A primary aim was to establish the potential of various species for forage production and to evaluate cultivars from diverse sources.
All annuals were seeded in small plots (1.2 x 6.0 m) and harvested to determine fresh weight; a subsample was oven-dried to determine dry weight yield as kilograms per hectare. The dried samples were used to determine protein content and acid detergent fiber, from which digestible energy content was estimated.
From 1979 to 1983 this work was supported by a grant from the Farming for the Future program.
Yields of annual crops as silage
Several tests were begun in 1979 to evaluate the production of forage by annual crops. Single entries of 13 crops were tested for silage production at Lacombe and Bluffton in 1979 and 1980 (Table 1) . Results indicated that sorghum and soybeans not be tested further because of low yields, that forage rape be tested separately, and that corn be added to the standard test.
The standard test crops for silage production were grown at six or seven locations in central Alberta for 5 years and included several cultivars of five cereals as well as corn, faba bean, pea, and sunflower. Table 2 shows the silage yields in kilograms of dry matter per hectare from all locations for each year.
The variation from year to year can be seen, as well as deletions and additions of cultivars. The average species yield, which is calculated from all the cultivar-year yields, gives a good estimate of yields in central Alberta.
The yields of crops in the standard tests over 5 years showed strong similarities based on soil type. The yields from the Black soil locations (Lacombe, Westlock, and Olds-Didsbury) were combined, as were those from the Gray Wooded soil locations (Bluff ton, Smoky Lake, and CheddervilleLeslieville). The only Solonetzic soil location was Vegreville. Table 3 shows these yields as a percentage of Foothill oats for each soil type in addition to the actual yields from the three soil types. These data demonstrate the need for recommendations based on soil-climatic zones.
LOCATIONS
The yields of the standard tests at various locations are shown in Tables   4-10 .
Averages are not listed for crops grown for only 1 year. The 1979 growing season was dry at all locations, which resulted in low yields (Table   2) .
Fertilizer was applied at all sites in 1979. Nitrogen was applied at 50 kg/ha on Black soil sites and at 75 kg/ha on Gray Wooded soil sites as ammonium nitrate (34-0-0); 25 kg/ha of P2O5 (11-55-0) were also applied at all sites.
The 1980 season was dry at seeding, but adequate rainfall throughout the rest of the growing season resulted in good yields at most locations. Fertilizer applications to the standard tests in 1980 were the same as in 1979, except at Olds, where the cooperator applied anhydrous ammonia as the sole source of nitrogen. Beginning in 1981 soils from all sites were analyzed for plant nutrient content, and fertilizer was then added based on recommendations from the Alberta soil-testing laboratory.
Lacombe
All the test crops were grown at the Agriculture Canada Research Station, which was used as the primary test area. This site, with its fertile black neutral soil was considered to be representative of the Black soil zone. A dry year in 1979 and a severe hailstorm on 2 August 1980 were major yield-reducing factors. The forage yields are shown in Table 4 .
Westlock
The Westlock site was about 13 km northwest of Westlock, on a Black soil that was slightly acidic, at pH 6.2. The yields here were somewhat lower than those from Lacombe as shown in Table 5 . In 1983 more than the recommended amount of fertilizer was applied in error.
Olds-Didsbury
The Olds site was on Black soil, about 24 km west of Olds, and was used as a test location in 1979 and 1980. In 1980 the cooperator applied ammonia, and no additional nitrogen was added. From 1981 to 1983 the plots were grown on a similar Black soil with a pH of 6.0, located about 32 km west of Didsbury (Table 6 ). In 1983 a light frost on 20 July slightly injured the leaves of the corn but did not appear to reduce yields.
Bluffton
This site, about 10 km north of Bluffton, was considered to be representative of the Gray Wooded soil zone (Table 7) . The soil was slightly acidic, with a pH about 6.0, and was low in both potassium and sulfur. Because of its proximity to Lacombe, this site was used for most variety trials on Gray Wooded soils.
Chedderville-Leslieville
Chedderville, a Gray Wooded soil site about 19 km south of Rocky Mountain House, was used as a test site in 1979, 1980, and 1981 . This soil was distinctly acidic, with a pH of 5.3. The plots in 1981 were grown on an area summerfallowed in 1980, which resulted in unusually high yields, as shown in Table 8 . In 1982 and 1983 the plots were grown at Leslieville, which is about 19 km east of Rocky Mountain House, on a soil type that was similar but less acidic, with pH at about 6.5. In 1982 hail damaged the plots in mid August, severely reducing potential yields.
Smoky Lake
This site was about 10 km east of Smoky Lake on Gray Wooded soil with a pH of 7.5. In 1983 the plots were moved north to a similar soil type with a pH of 6.5, but a dry spring reduced yields, as shown in Table 9 .
Vegreville
The Agriculture Canada substation at Vegreville was used for plots from 1981 to 1983.
This site was selected as representative of Solonetzic soils. This soil is high in sodium, particularly below the top 15 cm. Total soluble salt and sulfate concentrations increase with soil depth to greater than 1000 ppm, or 7.4 mmho conductivity at the 30-60 cm depth. These salt concentrations can reduce crop growth, as shown in Table 10 .
QUALITY
Analysis of annual forages for protein showed considerable year-to-year variation as well as differences between sites (Table 11) . As expected, faba bean and pea contained the highest percentage of protein. Of the cereals, barley was the highest, followed by wheat, triticale, oat, and rye, respectively. Sunflower averaged slightly higher than barley, and corn was slightly higher than oat. Percentage of protein was combined with dry-matter yield to estimate actual yield of protein for each crop averaged over 4 years (Table 12) .
Faba bean and pea produced the most protein, followed by sunflower and oat.
Analysis for fiber allowed digestible energy to be estimated. Dry-matter yields combined with digestible energy per kilogram of dry matter gave an estimate of yields of digestible energy per hectare for each species (Table   13 ).
Averaged over 4 years, oat produced the highest quantity of digestible energy followed by sunflower, triticale, wheat, and barley. Faba bean and pea had the lowest yields of digestible energy.
PASTURE
Multiple cuts to simulate grazing were made on plots at Lacombe and Bluffton from 1979 to 1983 . The crops were cut back to 5 cm each time they reached a height of 25-30 cm. At Lacombe, Italian ryegrass consistently gave the highest pasture yields except in the dry season of 1979. Winter cereals produced good pasture yields at Lacombe, whereas oat was consistently the best pasture at Bluff ton (Table 14) . Triwell replaced Welsh triticale in 1982 because of its higher yield in variety tests, and Halton winter barley was added in 1982. At Lacombe, Halton produced 80% more pasture than Bonanza in the 2 years they were tested together, whereas at Bluffton, their yields were similar.
The crops could easily be divided into early and late season producers. Spring cereals showed more rapid growth in the spring and were ready for pasturing earlier. Italian ryegrass and winter-type cereals grew most rapidly in midsummer and continued to produce well into the fall when moisture was adequate.
COLTIVAR TRIALS

Oat
Oat cultivar trials were carried out at Lacombe from 1979 to 1983 and included Foothill, licensed in 1978 as a forage oat, for comparing yields. Silage yields of common cultivars are shown in Table 15 . Less known, foreign and breeders' lines of oat are shown in Table 16 . The 1980 cultivar trials at Lacombe were damaged by hail, which reduced yields.
At Bluffton, yields were somewhat lower than at Lacombe. Cultivars and lines are shown in Table 17 for [1981] [1982] [1983] .
Currently recommended cultivars for silage in the parklands, in descending order of yield, are as follows: Foothill, Laurent, Frazer, Grizzly, Harmon, and Cascade.
Barley
Barley is the most commonly used silage crop in the parkland region. This is a result of several factors, including familiarity to producers, choice of seed or silage crop, and availability of seed. Earliness does not interfere with other operations and produces feed that has a higher protein content than do other cereal crops (Table 11) . For comparison, Bonanza was selected as a check. Table 18 shows the yields of variety trials carried out at Lacombe. When first tested in 1980, Johnston did not produce the highest yield, but it did rise to first place at both Lacombe and Bluffton for the following 3 years. Yields of barley at Bluffton, as shown in Table 19 (Table 21) .
In 1983 triticale was tested separately from wheat at both locations.
Cultivars of spring rye were limited to Prolific and Gazelle, with Gazelle producing higher silage yields. Three lines selected from Petkus at Swift Current were tested in 1980 (Table 20) . One line, Petkus II, was the highest yielding and with Gazelle was added to the standard test. The testing of wheat, rye, and triticale cultivars took place in 1981 and 1982 at Lacombe and Bluffton (Tables 20 and 21) .
Rye produced yields similar to wheat and somewhat lower than triticale.
The wheat cultivars Glenlea and Pitic were used in the standard test as checks. When compared with other utility wheats and with hard red spring and durum wheats, they showed similar yields at Lacombe in 1980. It is common practice to salvage grain crops of wheat or rye damaged by drought, hail, or frost for forage, although these crops are not purposely seeded for that use.
The triticale cultivars Rosner and Welsh were used in the standard test beginning in 1979, until the better yielding Triwell was added in 1981 . In 1981 and 1982 Triwell was the highest producing cultivar at Bluff ton (Table  21 ) and in 1982 at Lacombe (Table 20) . The cultivars Triwell and Carman are recommended for silage production in the parkland region.
Sunflower
Sundak sunflower in the standard test produced highly variable forage yields in various years and locations (Tables 2-10). A similar variability was found in the cultivar test at Lacombe over the years [1979] [1980] [1981] [1982] [1983] (Table   22 ).
Kenya White, introduced and supplied by Morden Research Station, produced the highest total yield . The cultivar is very tall (3 m) and difficult to harvest, as would be most other cultivars whose stem base has a diameter of up to 60 mm. The low yields in 1980 were partly due to hail damage.
Although sunflowers have a potential for high silage yield, year-to-year variability and potential harvest problems restrict their use as a silage crop.
Faba bean
Faba bean cultivars and lines were evaluated at Lacombe from 1980 to 1983 (Table 23) .
The cultivars Herz Freya, Aladin, and Outlook were good forage producers, Diana was somewhat lower, and Ackerperle was the lowest producer. Orion and Lacombe No. 3 were selected for seed yield and earliness, and do not yield as well for forage. The faba bean test was grown at Bluffton in 1981 Bluffton in , 1982 Bluffton in , and 1983 as well as at Vegreville in 1982 and 1983; yields are shown in Table 24 . Faba bean outyielded peas on Black soils, but on Gray Wooded and Solonetzic soils, pea usually produced more than did faba bean. Faba bean has the advantage of an upright growth habit and a slightly higher protein content, 17-20%, when compared with peas at 16-17%.
Pea
Pea cultivars were evaluated for silage yield for the years 1980-1983 (Table 25) . Generally, the cultivars Tara, Century, and Lenca yielded better than did Trapper and Triumph. Pea should be used as a source of high protein in mixtures or should be combined with low-protein silage crops in the Gray Wooded soil areas, where it produces very well.
Corn
Cultivars of corn were evaluated at Lacombe over 3 years for silage yield (Table 26) . In 1981 the yields were very good, and in 1983 they were very low.
This variation was also found with corn in the standard test between years and locations. In 1982 North American and European hybrids were compared, but neither group had a yield advantage. Corn cannot be recommended in short-season areas because of its variable yields and the requirement for specialized harvesting equipment.
Proso and Foxtail millet
Ten lines of Proso millet and eight lines of Foxtail millet from Morden, Man., were evaluated for silage yield at Lacombe in 1981 and 1982 (Table 27 ). Good silage yields were found in 1981 for some of the lines, but they did not mature to produce seed. The earliest line, NC22-3, does occasionally produce mature seed, but both types are extremely frost sensitive and are not adapted to the parkland area's short season.
Italian ryegrass
Four cultivars of Italian ryegrass were evaluated at Lacombe for their silage (two cuts), hay (three cuts), and pasture (four or five cuts) production from 1981 to 1983 (Table 28) . They mature earlier than cereals, and when cut as silage at the soft-dough stage, sufficient regrowth occurred to warrant a second cut. The hay cuts were made shortly after heading and resulted in three cuts. As simulated pasture, the plots were cut each time the growth reached 30 cm, which resulted in four or five cuts. The highest yields were found as silage, with the exception of Lemtal in 1981 and Lemtal Maris Ledger, and Merwester in 1982. In general, Promenade was the best silage cultivar, Merwester the best for hay, and Maris Ledger the best for pasture. All cultivars under the three types of harvest produced lower yields in 1983 because of a dry spring and fall. Ryegrasses are perennials in areas with mild climates, but in Alberta they must be considered annuals, as they do not survive the winter.
Winter cereal pastures
The pasture yields of spring-planted cultivars of winter wheat, triticale, and fall rye were evaluated at Lacombe in 1983 (Table 29 ). The total pasture yield of Norstar winter wheat was the lowest, an unexpected occurrence because it has regularly outyielded fall rye in pasture production in previous years Sundance, followed by Kodiak, produced the highest first-cut yields, whereas Winalta produced more in the second and third cuts. Norstar produced the second lowest yield in the first cut and the lowest yield in the third cut. The spring and fall of 1983 were very dry, and Norstar may require better conditions to reach its potential productivity.
Brassica species
Several species of brassica crops were compared with canola for forage yield under a two-cut system (pasture) and a single-cut system (silage) late in the season, on 1 October (Table 30) . Several crops produced good yields under the single-cut system, but none produced satisfactory regrowth when cut on 29 July. Appin grazing turnip produces fleshy roots, and cut 2 includes root weight.
Very high yields were recorded for most of these cultivars in 1983 (Table 31) . Altex, Tobin, Apoll, and Neris changed from vegetative growth to flowering and were cut on 29 July in the silage test. The others did not flower and continued to grow until cut on 14 September, at which time any regrowth from those cut 29 July was also harvested.
For pasture the first cut was taken on 4 July. Two more cuts were taken from the cultivars that showed sufficient regrowth, one on 26 July and the last on 16 September. The remaining cultivars regrew very slowly after the first cut, and a second cut was not taken until 16 September.
The brassica crops were regularly damaged in the spring by flea beetles, and occasionally this attack was severe enough to require the use of insecticide sprays. Cabbageworms were found on brassica in the fall but not in sufficient numbers to warrant control measures.
Frost-tolerant brassica crops are useful only as late fall pasture since they continue to produce very late in the fall if they are not harvested earlier.
Their use as silage is not practical because of the late harvest of material with very high moisture content. Table 6 . Silage yields of annual forage crops at Olds in 1979 -1980 and Didsbury 1981 -1983 Table 14 . Pasture yields at Lacombe and Bluffton, 1979-1983 , in kilograms 
